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BACKGROUND: Transcatheter mitral valve replacement (TMVR) is a therapeutic option for patients with severe
mitral regurgitation (MR) who are ineligible for conventional surgery. There are limited data on the outcomes of
large patient cohorts treated with TMVR.

AIMS: This study aimed to investigate the outcomes and predictors of mortality for patients treated with transapical
TMVR.

METHODS: This analysis represents the clinical experience of all patients enrolled in the Tendyne Expanded Clinical
Study. Patients with symptomatic MR underwent transapical TMVR with the Tendyne system between November
2014 and June 2020. Outcomes and adverse events up to 2 years, as well as predictors of short-term mortality,
were assessed.

RESULTS: A total of 191 patients were treated (74.1+8.0 years, 62.8% male, Society of Thoracic Surgeons Predicted
Risk of Mortality 7.7+6.6%). Technical success was achieved in 96.9% (185/191), and there were no intraprocedural
deaths. At 30-day, 1- and 2-year follow-up, the rates of all-cause mortality were 7.9%, 30.8% and 40.5%, respec-
tively. Complete MR elimination (MR <1+) was observed in 99.3%, 99.1% and 96.3% of patients, respectively.
TMVR treatment resulted in consistent improvement of New York Heart Association Functional Class and quality
of life up to 2 years (both p<0.001). Independent predictors of early mortality were age (odds ratio [OR] 1.11;
p=0.003), pulmonary hypertension (OR 3.83; p=0.007), and institutional experience (OR 0.40; p=0.047).

CONCLUSIONS: This study investigated clinical outcomes in the full cohort of patients included in the Tendyne
Expanded Clinical Study. The Tendyne TMVR system successfully eliminated MR with no intraprocedural deaths,
resulting in an improvement in symptoms and quality of life. Continued refinement of clinical and echocardio-
graphic risks will be important to optimise longitudinal outcomes.
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urrent guidelines recommend mitral valve surgery
‘ or transcatheter edge-to-edge repair (TEER) as

therapeutic options for eligible patients with severe
mitral regurgitation (MR)!2. In recent years, a steep increase
in the annual procedure volumes of TEER has been observed?.
Although the majority of patients with MR are amenable to
either surgery or TEER, there remains a considerable portion
of patients at high or prohibitive surgical risk who are ineligible
for these established therapies*”. Moreover, residual or
recurrent MR after TEER is associated with adverse outcomes
compared to patients with sustained MR reduction®’.

Transcatheter mitral valve replacement (TMVR) with
dedicated devices is a minimally invasive technology that
allows for predictable MR elimination. Several TMVR
devices with different designs and anchoring mechanisms
have been introduced in recent years'®!. The Ilargest
experience published so far is of the first 100 patients treated
with the apically tethered Tendyne Mitral Valve System
(Abbott), which demonstrated promising 2-year results'’'c.
While patient selection for TMVR is considered key to ensure
beneficial outcomes, reliable predictors of outcome after
TMVR have not been described in a large cohort.

The present study comprises the full study cohort of
patients enrolled in the Tendyne Expanded Clinical Study and
aims to outline detailed results up to 2 years and define the
predictors of mortality.

Methods

STUDY DESIGN AND PATIENTS

The Expanded Clinical Study of the Tendyne Mitral Valve
System (ClinicalTrials.gov: NCT02321514) is a single-
arm, prospective, multicentre investigational = study.
Details of the study design and methodology have been
reported previously'"'¢!7, Patients participating in this
study underwent transapical TMVR with a tethered device
between November 2014 and June 2020 at 36 investigation
sites worldwide. The cumulative enrolment rate per year
is depicted in Supplementary Figure 1. In brief, patients
enrolled in the study were diagnosed with MR 3+ or 4+
with functional impairment equal to or greater than New
York Heart Association (NYHA) Functional Class IT while
on guideline-directed medical therapy (GDMT), including
cardiac resynchronisation therapy if indicated. All study
patients were evaluated by a local Heart Team at baseline
and were deemed unsuitable for conventional cardiac
surgery. The study was conducted in compliance with
ethical principles based on the Declaration of Helsinki, with
individual institutional review board approval at each site.
Detailed study inclusion and exclusion criteria as well as
a list of participating centres and investigators are available

Impact on daily practice

Transapical transcatheter mitral valve replacement (TMVR)
with the Tendyne Mitral Valve System is associated with
a predictable elimination of mitral regurgitation and a sus-
tained reduction of pulmonary artery pressure, resulting in
an improvement of symptoms, functional capacity and quality
of life. Patient survival largely depends on age and cardio-
vascular comorbidities, highlighting the need for optimised
patient selection. While TMVR already represents a comple-
mentary treatment option for patients at high or prohibitive
surgical risk who are ineligible for transcatheter edge-to-edge
repair (TEER), studies comparing TMVR to TEER in patients
amenable to both transcatheter therapies are warranted.

in Supplementary Appendix 1 and Supplementary Appendix 2.
The study was sponsored by Abbott.

ECHOCARDIOGRAPHY AND CARDIAC COMPUTED
TOMOGRAPHY

For eligibility assessment, transthoracic echocardiography
(TTE) and transoesophageal echocardiography (TOE) were
performed for a comprehensive anatomical and functional
evaluation of the mitral apparatus and ventricle. TTE was
performed at both baseline and follow-up visits. Contrast-
enhanced  cardiac computed tomography (CT) imaging
was performed to assess mitral valve anatomy, determine
prosthesis type and size, plan the transapical access site, and
predict post-deployment neo-left ventricular outflow tract
(LVOT) area. All cardiac imaging studies were assessed by
independent core laboratories: Beth Israel Deaconess Medical
Center (Boston, MA, USA) for echocardiography, and St
Paul’s Hospital (Vancouver, BC, Canada) for cardiac CT.

TRANSCATHETER MITRAL VALVE REPLACEMENT

Details of the TMVR procedure with this tethered TMVR
device have been previously published”. In brief, the
procedure was performed under general anaesthesia via
a left-sided mini-thoracotomy. The valve prosthesis was
delivered using a 34 Fr or 36 Fr sheath through or near the
left ventricular apex and attached to an epicardial pad using
a braided, high-molecular-weight polyethylene tether. The
valve was delivered and deployed without the need of rapid
pacing or cardiopulmonary bypass. The length of the tether
was adjusted to optimise the seating and securement of the
prosthesis, in order to minimise the risk of device displacement
and paravalvular leak (PVL). Patients were anticoagulated for
a minimum of 3 months after the procedure using warfarin
with a target international normalised ratio of 2.5 to 3.5. More

Abbreviations

6MWD  six-minute walk distance LvoT left ventricular outflow tract SAE serious adverse event

AML anterior mitral valve leaflet MR mitral regurgitation TEER transcatheter edge-to-edge repair

GDMT  guideline-directed medical therapy MVARC Mitral Valve Academic Research TMVR  transcatheter mitral valve replacement

Kcc@  Kansas City Cardiomyopathy Consortium TOE transoesophageal echocardiography
Questionnaire NYHA  New York Heart Association TTE transthoracic echocardiography
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information on the peri- and postprocedural anticoagulation
regimens is given in Supplementary Appendix 3.

EVALUATION AT FOLLOW-UP

Per protocol, patients were followed up at discharge, after 1,
3, 6, and 12 months, and annually thereafter up to 5 years.
This study reports clinical outcomes up to 2 years. Symptom
evaluation and quality of life assessments, including NYHA
Functional Class, Kansas City Cardiomyopathy Questionnaire
(KCCQ) score, and 6-minute walk distance (6MWD), were
performed and compared with those from baseline. CT was
studied at the 1-month follow-up, and TTE was studied at
each follow-up visit to assess residual MR and prosthesis
performance. Structural valve dysfunction was defined as
haemodynamic dysfunction (e.g., mean transvalvular gradient
>6 mmHg or residual MR >2+) in the presence of morphological
deterioration (e.g., torn or flail leaflet, calcification, frame
fracture, tether rupture, or apical pad deterioration)'®". Clinical
events including death were adjudicated by an independent
clinical events committee (CEC).

STUDY ENDPOINTS

The primary performance endpoint was the reduction of MR
to <2+ at 30-day follow-up. The primary safety endpoint
was a composite of device success and freedom from device-
related or procedure-related serious adverse events (SAE)
evaluated at 30 days post-index procedure.

Technical success was assessed at exit from the procedure
room and was defined as the absence of death along with the
following: successful access, delivery of the transcatheter valve
delivery system, deployment and correct positioning of the
correctly sized valve, and no need for additional emergency
surgery or reintervention related to the device or procedure.
Procedural outcomes included procedure time, defined as
skin-to-skin time, and device time, defined as the time from
the start of the apical penetration to final securement of the
tether to the epicardial pad.

All-cause mortality was assessed at 30 days, 1 year and
2 years after the procedure. Death was adjudicated by the
CEC when cardiovascular in nature or if prosthesis related.
Short-term mortality was defined as all-cause mortality
occurring within 90 days after the procedure. Bleeding
was categorised using the Mitral Valve Academic Research
Consortium (MVARC) primary bleeding scale®.

Institutional experience was defined as an overall centre
experience of more than two (>2) procedures with the Tendyne
TMVR system enrolled into the Expanded Clinical Study.

STATISTICAL ANALYSIS

Continuous variables are summarised as meansstandard
deviation (SD). Changes from baseline, if applicable, are
included using the same descriptive statistics. Differences
between subgroups are summarised with differences of the
two means and 95% confidence intervals (Cls). For categorical
variables, the results are summarised with subject counts and
proportions including exact 95% Cls. The Kaplan-Meier
method was used to generate survival estimates for freedom
from all-cause mortality. Comparisons between baseline and
follow-up parameters were made using a paired Student’s t-test
for continuous variables or McNemar’s test for categorical

Expanded study results for transapical TMVR

variables. Kaplan-Meier curves were constructed for all-cause
mortality up to 2 years. A 3-month landmark analysis was
performed to assess the midterm impact of TMVR by excluding
events potentially attributable to the procedure. Univariable
analysis for short-term (90-day) and midterm (2-year) mortality
was conducted for 60 baseline parameters. To distinguish
between predictors for short- and midterm mortality, only
90-day survivors were included in the midterm mortality
model. In addition, uni- and multivariable Cox regression was
performed for the full study cohort. Factors were included
in the multivariable model using stepwise regression; if the
p-value was <0.2 for univariable analysis, the parameter was
available for 90% of the subjects and had higher significance
if highly correlated (correlation coefficient >0.5) with another
variable. A p-value<0.05 was considered statistically significant.
Analyses were performed using the Power Analysis & Sample
Size software (PASS), version 14 (NCSS Statistical Software).
All statistical analyses were performed using Statistical Analysis
System (SAS) for Windows, version 9.4 (SAS Institute).

Results

The study cohort included a total of 191 patients
(74.1+8.0 years, 62.8% male) treated with a tethered TMVR
device in the USA (n=74), Australia (n=24), Germany (n=22),
Italy (n=20), France (n=18), United Kingdom (n=18), Norway
(n=10), the Netherlands (n=3), Sweden (n=1) and Switzerland
(n=1) between November 2014 and June 2020. The last
implant was conducted in June 2020. Figure 1 illustrates the
completeness of study follow-up up to 2 years.

191 patients included
— Novalve implanted N=5

Tendyne implantation
N=186

30 days:

|, Cumulative exit: N
Cumulative death: N

Missed visit: N

NS
(9]

30-day follow-up

N=166
1 year:
Cumulative exit: N=11
Cumulative death: N=57
Missed visit: N=4
1-year follow-up
N=119
2 years:
Cumulative exit: N=13
Cumulative death: N=75
Missed visit: N=5

2-year follow-up
N=98

Figure 1. Study flowchart.
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BASELINE CHARACTERISTICS

Demographics, baseline characteristics and medical history
are presented in Table 1. The predominant mechanism of MR
was secondary or mixed aetiology (169/191, 88.5%), and the
majority of patients were in chronic heart failure with NYHA
Class >III at baseline (134/191, 70.2%). The Society of
Thoracic Surgeons Predicted Risk of Mortality (STS-PROM)
score (calculated for surgical mitral valve replacement) and
European System for Cardiac Operative Risk Evaluation
(EuroSCORE) II were 7.7+6.6% and 6.6+5.3%, respectively.
The prevalence of risk factors in the study population are
presented in Table 1. A comparison between the total study
cohort and the first 100 patients included in the study is given
in Supplementary Table 1, showing no differences regarding
age, STS-PROM score, or MR aetiology.

PERIPROCEDURAL OUTCOMES

Periprocedural outcomes are summarised in Supplementary
Table 2. Successful implantation of the tethered TMVR device
occurred in 97.4% (186/191) of patients. Among these,
76.3% (142/186) received a standard profile (SP) valve, while
a low profile (LP) valve was implanted in 23.7% (44/186).
In all cases with successful valve implantation, the original
intended valve remained in place up to 30 days or before
study exit (186/186, 100%).

In 5 subjects, implantation of the TMVR device was
unsuccessful: device retrieval was performed because of
concerns about an elevated LVOT gradient and obstruction
(n=1), systolic anterior motion of the anterior mitral
valve leaflet (AML; n=1), aortic regurgitation after valve
deployment (n=1), or suboptimal positioning of the valve due
to suboptimal apical access (n=1). In 1 patient, the procedure
was aborted because of unstable haemodynamic conditions
before valve deployment.

During  the procedure, no = patient required
cardiopulmonary bypass or extracorporeal circulatory
support. An intra-aortic balloon pump (IABP) was used
in 4.2% (8/191) of patients. There were no conversions to
open-heart surgery nor intraprocedural deaths. Technical
success, assessed at exit from the procedure room, was
reported in 96.9% (185/191) of patients. There was 1 case
of incorrect positioning of the valve (incorrect radial
orientation). However, a core lab review of the predischarge
echocardiogram identified only trace lateral PVL and no
residual central MR in this patient.

Supplementary Table 3 summarises the temporal trends of
selected procedural parameters showing a decrease of device
and procedure time and an increase of technical success over
time.

MORTALITY

The rate of all-cause mortality after 2 years was 38.7%
(74/191), mainly due to cardiovascular causes (65/191,
34.0%). Advanced heart failure was the main cause of death
among patients at follow-up (24/191, 12.6%), followed by
cardiac arrest (13/191, 6.8%), multiple organ failure (6/191,
3.1%), shock (5/191, 2.6%), and endocarditis (3/191, 1.6%).
Patients with attempted but unsuccessful valve implantation
were followed up to 30 days and exited the study afterwards,
unless they withdrew their consent to participate prior to
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Table 1. Baseline patient characteristics.

. . _ Total
Baseline patient characteristics (N=191)

Age, years
Male sex
BSA, m?
BMI, kg/m?
LVEF, %
NYHA Class I11/1V
Il
11
vV
MR aetiology: secondary MR
MR grade 3+/4+
MR 2+
MR 3+
MR 4+
EROA, cm?
Regurgitant vol, ml
STS-PROM for MV replacement, %
EuroSCORE |1, %

Heart failure hospitalisation within 6 months
prior to enrolment

Current or prior smoker

Diabetes

Coronary artery disease

Prior CABG

Renal failure, GFR <60 mL/min/1.73 m?
Atrial fibrillation

Hypertension

Prior percutaneous coronary intervention
Prior myocardial infarction

Valvular heart disease other than mitral
COPD

Pulmonary hypertension

Prior stroke or TIA

ICD or pacemaker

Baseline medications

74.1+£8.0 (191)
62.8 (120/191)
1.88+0.25 (191)
27.0+£5.9 (191)
44.7+8.8 (161)
70.2 (134/191)
29.8 (57/191)
64.4 (123/191)
5.8 (11/191)
88.5 (169/191)
99.5 (190/191)
0.5 (1/191)
4.2 (8/191)
95.3 (182/191)
0.26+0.10 (110)
40.1+11.6 (114)
7.7+6.6 (191)
6.6+5.3 (175)

44.5 (85/191)

60.7 (116/191)
27.7 (53/191)
68.1 (130/191)
38.2 (73/191)
58.1(111/191)
34.0 (65/191)
78.5 (150/191)
48.2 (92/191)
45.5 (87/191)
35.1 (67/191)
34.6 (66/191)
51.1 (90/176)
14.1 (27/191)
40.3 (77/191)

ACE inhibitor or ARB
Beta-receptor antagonist
Vasodilator

Diuretic

Digitalis

Anticoagulant

Aspirin or antiplatelet

58.1(111/191)
84.3 (161/191)
12.6 (24/191)
85.9 (164/191)
7.3 (14/191)
53.4 (102/191)
60.2 (115/191)

Continuous values are presented as mean+SD (N) and proportions are
presented as % (n/N); n is the number of affected patients, and N is the
total number of assessed patients. ACE: angiotensin-converting enzyme;
ARB: angiotensin receptor blocker; BMI: body mass index; BSA: body
surface area; CABG: coronary artery bypass graft; COPD: chronic
obstructive pulmonary disease; EuroSCORE: European System for Cardiac
Operative Risk Evaluation; EROA: effective regurgitant orifice area;

GFR: glomerular filtration rate; ICD: implantable cardioverter-defibrillator;
LVEF: left ventricular ejection fraction; MR: mitral regurgitation; MV: mitral
valve; NYHA: New York Heart Association; SD: standard deviation;
STS-PROM: Society of Thoracic Surgeons Predicted Risk of Mortality;

TIA: transient ischaemic attack; vol: volume



30-day follow-up; there were no deaths in such patients prior
to study exit. After adjudication by the independent CEC, the
rates of death attributable to device and/or procedure-related
adverse events (AE) were 4.2% (procedure related, 8/191),
4.2% (device related, 8/191) and 7.9% (both device and
procedure related, 15/191). Mortality and causes of death
are presented in Supplementary Table 4. Supplementary Table 5
shows the baseline characteristics of survivors versus non-
survivors at 2-year follow-up.

Figure 2 shows Kaplan-Meier analysis for all-cause mortality
up to 2 years. The Kaplan-Meier calculated rate of 2-year all-
cause mortality was 40.5% (Figure 2A). When excluding early
mortality in a 3-month landmark analysis, all-cause mortality
after 2 years was reduced to 29.2% (Figure 2B). The Kaplan-
Meier estimated event rates for cardiovascular and non-
cardiovascular mortality after 2 years were 36.5% and 6.3%,
respectively (Supplementary Figure 2, Supplementary Figure 3).

SERIOUS ADVERSE EVENTS
Table 2 summarises detailed SAE up to 90 days and 2 years
after the index procedure. The rate of readmission for conges-
tive heart failure was 38.7% (74/191) at 90 days and 59.2%
(113/191) at 2 years. There were 7 cases of disabling stroke
within 2 years (7/191, 3.7%) following the procedure, 4 of
which occurred within 90 days (4/191, 2.1%). Major, life-
threatening, or fatal bleeding events (assessed by the MVARC
scale) were reported in 33.0% of patients (63/191) at 2 years,
the majority of which (52/191, 27.2%) occurred within
90 days and were classified as procedure related. Fatal bleed-
ing occurred in 2 patients (1.0%) during the first 90 days
of follow-up and in 4 patients (2.1%) up to 2 years. Apical
access site complications and infections occurred in 2 patients
(1.0%) and 1 patient (0.5%), respectively, by 90-day follow-
up. The rates of device-specific AE were 15.7% (30/191) at
90 days and 21.5% (41/191) at 2 years. Detailed device-
specific SAE are summarised in Supplementary Table 6.

Nine subjects experienced 10 total events of device thrombus,
all with onset within 6 months after the procedure. In most
cases (7/10), patients were asymptomatic at presentation,

A

100 1
<
< 75
=
I
g %0 40.5%
(<)
w
=
© 25 {
=
0
0 6 12 18 o4
No. at risk Time after procedure (months)
191 123 o7
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and the device thrombus was discovered as part of the
study imaging follow-up. Device thrombus was observed in
6 patients with subtherapeutic international normalised ratios
(INRs; 2.0 or lower), 2 patients with an INR between 2.1
and 2.4, and in 2 cases with an INR within the recommended
therapeutic window (INR 2.5-3.5). Patients experiencing
device thrombus were monitored and medically managed
(intravenous [IV] heparin, anticoagulation adjustment). In all
cases, follow-up imaging demonstrated thrombus resolution
along with optimised oral anticoagulation therapy maintaining
a therapeutic INR range (2.5-3.5). Imaging data (TOE, TTE,
CT) were used to evaluate the patients’ response to medical
management. The independent CEC adjudicated that none of
these AE led to death. No new onset of device thrombus was
reported after 6 months following the procedure. There was no
evidence of device fracture, device embolisation, or structural
valve dysfunction up to 2 years of follow-up.

ECHOCARDIOGRAPHIC EVALUATION

As shown in Figure 3A, at baseline, the vast majority of
patients (99.5%, 190/191) had an MR grade of 3+ or 4+.
Among all patients treated with the tethered TMVR device,
in whom MR was assessed at 30 days, 99.3% (150/151)
had MR eliminated to none/trace, and all patients were free
from MR greater than mild in severity (>1+). The degree of
MR elimination was sustained at 1 year and 2 years, with
99.1% and 96.3% of followed-up patients having no or trace
residual MR, respectively, without any cases of more than
mild (>1+) residual MR.

TTE findings at 2-year follow-up, compared to baseline,
are given in Table 3. Significant changes were observed for
left ventricular ejection fraction (LVEF) and right ventricular
systolic pressure (RVSP). While LVEF significantly decreased
from 44.4:9.1% at baseline to 41.3x11.1% at 2-year
follow-up (-3.1£12.4%; p=0.034), a significant reduction
of RVSP was also reported from 48.8+10.5 mmHg to
35.4+10.3 mmHg (-13.4£14.2 mmHg; p<0.001). No
significant changes were observed for left ventricular end-
diastolic or -systolic dimensions at 2-year follow-up.

B

100 1
)
= 75
=
s
S ]
S 50
3 29.2%
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e 251 16.0%
E '
0 |
0 3 6 12 18 24
No.atrisk  1ime after procedure (months)
191 155 123 97

Figure 2. Kaplan-Meier analysis for all-cause mortality up to 2 years. A) Kaplan-Meier analysis for 2-year all-cause mortality.

B) Three-month landmark analysis for 2-year all-cause mortality.
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Table 2. Serious adverse events up to 90 days and 2 years.

% (n/N)
Adverse event

Hospital readmission
HF hospitalisation
Bleeding, all (MVARC)
Maijor, extensive, life-threatening, or fatal
Life-threatening
Fatal
Acute kidney injury
Not requiring dialysis
Requiring dialysis
New-onset atrial fibrillation
New permanent pacemaker
Myocardial infarction
Stroke, disabling
Stroke, non-disabling
Transient ischaemic attack
Apical access site complications
Infection — surgical site

Mitral valve stenosis

38.7 (74/191)
16.2 (31/191)
27.2 (52/191)
19.9 (38/191)
6.8 (13/191)
1.0 (2/191)
13.6 (26/191)
5.8 (11/191)
8.4 (16/191)
7.9 (15/191)

59.2 (113/191)
29.3 (56/191)
33.0 (63/191)
24.1 (46/191)
9.4 (18/191)
2.1 (4/191)
22.0 (42/191)
10.5 (20/191)
13.6 (26/191)
12.0 (23/191)

3.7 (7/191) 7.9 (15/191)
1.0 (2/191) 5.8 (11/191)
2.1 (4/191) 3.7 (7/191)
1.0 (2/191) 2.1 (4/191)
0.5 (1/191) 2.6 (5/191)
1.0 (2/191) 1.0 (2/191)
0.5 (1/191) 0.5 (1/191)
0(0/191) 0(0/191)

Values are presented as % (n/N); n is the number of affected patients, and N is the total number of assessed patients. HF: heart failure; MVARC: Mitral

Valve Academic Research Consortium

IMPROVEMENT OF FUNCTIONAL CAPACITY AND QUALITY
OF LIFE

Heart failure symptoms were assessed according to NYHA
Functional Class. At baseline, 70.2% of patients were at
NYHA Class III/IV. Significant symptomatic improvement was
observed following TMVR, with 76.9%, 86.0% and 80.4%
of surviving patients at NYHA Class I/II at 30-day, 1- and
2-year follow-up, respectively (p<0.001, paired comparison
to baseline, McNemar’s test) (Figure 3B).

The functional capacity of study participants was assessed
using the 6-minute walk test. At 30-day follow-up, a non-
significant 23.4 metre reduction from baseline was observed.
At 1-year follow-up, a significant increase of 6MWD
(40.1 metres) compared to baseline was reported (p<0.001)
(Figure 3C). At 2-year follow-up, no significant change
compared to baseline was observed.

Patient-reported quality of life following treatment with
the tethered TMVR device, assessed by the KCCQ score,
improved at follow-up. Compared to baseline, significant
improvements of 9.3 points (at 30 days), 21.9 (at 1 year) and
18.7 points (at 2 years; all p<0.001 compared to baseline)
were reported (Figure 3D).

PREDICTORS OF SHORT- AND MIDTERM OUTCOMES

Univariable analysis for the prediction of short-term and
midterm mortality was performed for a total of 60 clinical
and echocardiographic characteristics (Supplementary Table 7,
Supplementary Table 8). Multivariable logistic regression
identified 3 independent predictors of short-term all-cause

mortality at 90 days: pulmonary hypertension (odds ratio [OR]
3.83, 95% CI: 1.44-10.16; p=0.007), age (OR 1.11, 95% CL
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1.04-1.19; p=0.003), and institutional experience (>2 implants;
OR 0.40, 95% CI: 0.17-0.99; p=0.047).

Regarding midterm mortality at 2 years (in 90-day
survivors), multivariable Cox regression identified 5 inde-
pendent predictors: arterial hypertension (OR 3.32, 95%
CI: 1.16-9.54; p=0.026), pulmonary hypertension (OR 2.15,
95% CI: 1.08-4.29; p=0.03), baseline quality of life (OR
1.08, 95% CI: 1.00-1.17; p=0.042), age (OR 1.06, 95% CI:
1.01-1.11; p=0.021), and baseline creatinine (OR 1.02, 95%
CI: 1.00-1.03; p=0.005) (Supplementary Table 9).

After uni- and multivariable Cox regression among the
full study cohort, pulmonary hypertension (OR 2.05, 95%
CI: 1.22-3.43; p=0.006), coronary artery disease (OR 2.03,
95% CI: 1.10-3.74; p=0.023), and age (OR 1.06, 95% CI:
1.02-1.10; p=0.002) were independent predictors of 2-year
all-cause mortality, while prior coronary artery bypass graft
(OR 0.37, 95% CI: 0.20-0.68; p=0.001) and left ventricular
end-systolic diameter (OR 0.73, 95% CI: 0.54-1.00;
p=0.001) were protective against mortality (Supplementary
Table 10).

Discussion

The present study comprises the full study cohort of patients
enrolled in the prospective Tendyne Expanded Clinical Study,
extending previously published data on the outcomes of
patients treated with the same device!!'.

The main findings of this study are as follows:

I) For patients with MR at high or prohibitive surgical risk
with a high burden of comorbidities, transapical TMVR
proved to be safe with no intraprocedural deaths and
a high technical success rate.
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Figure 3. Baseline and follow-up symptom evaluation and quality of life assessments. A) Mitral regurgitation; B) NYHA
Functional Classification; C) 6MWD; D) KCCQ. MR severity was assessed by TTE at baseline, 30-day, 1- and 2-year follow-up
and adjudicated by an independent echocardiography core lab: Heart failure symptoms and functional capacity were assessed at
baseline, 30-day, 1- and 2-year follow-up. 6MWD: six-minute walk distance; F/u: follow-up; KCCQ: Kansas City
Cardiomyopathy Questionnaire; MR: mitral regurgitation; NYHA: New York Heart Association; TTE: transthoracic
echocardiography

Table 3. Echocardiographic parameters up to 2 years and paired comparisons to haseline.

Baseline vs 2-year follow-up
e |z | owe | e

Echo parameters

LVEF, % 44.4+9.1 (75) 41.3+11.1 (75) -3.1£12.4 (75) 0.034
LVEDV, ml 175.5+57.4 (51) 166.1+49.0 (51) -9.4+46.1 (51) 0.151
LVESV, ml 98.5+38.5 (51) 102.6+40.6 (51) 4.1+36.6 (51) 0.428
LVEDVi, ml/m? 91.4+25.6 (51) 87.5+26.5 (51) -3.9+23.8 (51) 0.249
LVESVi, ml/m? 51.5+18.9 (51) 54.2+22.4 (51) 2.8+19.6 (51) 0.321
LVEDD, cm 6.0+0.7 (77) 6.1+0.7 (77) 0.1+0.6 (77) 0.087
LVESD, cm 4.9+0.8 (73) 5.1+1.0 (73) 0.2+1.0 (73) 0.057
Forward SV, ml 50.6+17.3 (55) 53.4+16.3 (55) 2.8+16.5 (55) 0.209
CO, I/min 3.6+1.0 (52) 3.7+1.1 (52) 0.1+1.1 (52) 0.578
RVSP, mmHg 48.8+10.5 (22) 35.4+10.3 (22) -13.4+14.2 (22) <0.001
LVOT gradient, mmHg 1.4+0.7 (63) 1.6+0.9 (63) 0.2+0.8 (63) 0.061

Values are presented as mean+SD (N). CO: cardiac output; LVEDD: left ventricular end-diastolic diameter; LVEDV: left ventricular end-diastolic volume;
LVEDVi: left ventricular end-diastolic volume index; LVEF: left ventricular ejection fraction; LVESD: left ventricular end-systolic diameter; LVESV: left
ventricular end-systolic volume; LVESVi: left ventricular end-systolic volume index; LVOT: left ventricular outflow tract; RVSP: right ventricular systolic
pressure; SD: standard deviation; SV: stroke volume
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II) Overall rates of SAE were low, particularly regarding
access site complications, but not without notable
bleeding events.

II) In the vast majority of successfully treated patients,
MR was completely eliminated with sustained
echocardiographic findings up to 2 years. Consequently,
TMVR treatment led to significant improvement of
symptomatic burden, functional capacity and quality
of life.

IV) Despite concerning MR
elimination and functional improvement, midterm
mortality was elevated, with heart failure as the
leading cause of death in a study population with
predominantly secondary MR and left ventricular
dysfunction at baseline.

V) Pulmonary hypertension and age were identified
as independent predictors of acute mortality, while
institutional experience with transapical TMVR was
protective.

In recent years, 1- and 2-year outcomes of the first
100 patients treated with the transapical Tendyne TMVR system
have been published, and these have supported the European
Conformity (CE) mark approval of this TMVR device!"'e.
The present study expands on these results to the full cohort
of 191 treated patients, substantially extending the body of
evidence on this transcatheter TMVR device. Compared to the
aforementioned studies, this analysis confirms procedural safety
with continuously high rates of technical success (96.9%) and
the absence of intraprocedural death and surgical conversion in
all treated patients. Recently, 1-year data from the the Tendyne
European Experience Registry (TENDER) were published
demonstrating similar procedural and clinical outcomes in
195 patients treated with the device. Of note, this retrospective
study also included 60 (31%) patients treated under off-label
conditions, characterised by higher rates of mitral annular
calcification and elevated mitral valve gradient?'.

Overall postprocedural complication rates were low in the
present study. Access site complications are a known and serious
threat specific to transapical procedures. The particularly low
rate of access site complications within 30 days after the
procedure, despite device delivery through a 34 Fr or 36 Fr
transapical sheath, supports the safety of the procedure and
suggests that the apical pad of this tethered TMVR device may
serve as an additional haemostatic feature. However, elevated
rates of bleeding events and acute kidney injury were reported.
Aside from the potential trauma of a transapical TMVR
procedure, the most likely explanation for elevated bleeding
rates, especially within the first month after transapical TMVR,
may be the need for oral anticoagulation for at least 3 months
after the procedure. The majority of patients were already on
oral anticoagulants (53.4%) and antiplatelet therapy (60.2%)
at baseline, which may have contributed to the elevated
bleeding risk in this elderly and comorbid patient cohort. The
impact of anticoagulation and comorbidities on postprocedural
bleeding, rather than the choice of access, is further supported
by the markedly elevated bleeding rates observed in a recently
published series with a transeptally delivered TMVR device?.

Patient selection remains key to reproducibly achieve
beneficial outcomes and reduce the postprocedural
complication rates of patients treated with transapical

favourable outcomes
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TMVR. With most deaths classified as cardiovascular and
almost half of all deaths deemed definitively not attributable
to the device, the prevalence of cardiovascular comorbidities
appears to have an important impact on clinical outcomes.
Elevated rates of deaths from refractory heart failure up to
90 days suggest the need for improved patient selection and
postoperative management of patients receiving transapical
TMVR. In particular, postoperative management after
TMVR is complex and may be more demanding compared to
other transcatheter procedures. The present study identified
both pulmonary hypertension and age as independent factors
associated with both short- and midterm mortality. The
adverse impact of pulmonary hypertension on outcomes after
mitral valve interventions is well known and strengthens the
hypothesis that patients with long-existing MR and potentially
refractory pulmonary hypertension tolerate
a transapical TMVR procedure well, whereas age represents
the patient’s natural risk?*?%. The fact that institutional
experience proved to be independently protective regarding
short-term survival supports the use of transapical TMVR
preferably at experienced tertiary centres. The learning curve
appears to be short, with improved outcomes achieved after
the first 2 procedures only. However, since no intraprocedural
deaths were observed in the present study, learning curve
effects might not only be attributable to improved procedural
skill but may include improved patient selection resulting
in better short-term outcomes with increasing institutional
experience. In summary, age, comorbidities and quality of life
have an important impact on midterm mortality, highlighting
the importance of patient selection and clinical follow-up.

In accordance with published data on TMVR, effective and
predictable MR elimination in the vast majority of patients
after transapical TMVR was confirmed in this series as well.
Several studies have demonstrated the negative impact of
residual or recurrent MR on outcomes after TEER***?7, In
particular, MR elimination and a lasting reduction in RVSP
may result in a consistent reduction of symptomatic burden
as well as an improvement of functional capacity and quality
of life up to 2 years.

While data on the long-term impact of TMVR-mediated
MR elimination in comparison to TEER or medical therapy
are scarce, the present study supports the use of transapical
TMVR as a valid complementary treatment option for
patients ineligible for both surgery and TEER2?®?. The
ongoing randomised controlled SUMMIT trial (ClinicalTrials.
gov: NCT03433274) comparing outcomes of transapical
TMVR versus TEER will provide important data that will
help define future roles of TMVR within the armamentarium
of available MR treatment options.

may not

Limitations

This study is a single-arm interventional study with its
inherent limitations and might be subject to provider bias.
The lack of a control group limits conclusions with regard
to the comparison to other MR therapies. Clinical and
echocardiographic follow-up in surviving patients was
comprehensive but not complete, thereby limiting paired
echocardiographic comparisons to those with available
data. Moreover, data on tricuspid regurgitation and right
ventricular function were not available.



Conclusions

This study investigated 2-year outcomes following transapical
TMVR in the full study cohort of the Tendyne Expanded
Clinical Study. TMVR vyielded predictable elimination of
MR and sustained reduction of pulmonary artery pressure
accompanied by improvements in symptoms, functional
capacity, and quality of life. Individual clinical and
echocardiographic risk assessments remain important within
the selection process of potential TMVR candidates.

Authors’ affiliations

1. Department of Cardiovascular Surgery, University Heart &
Vascular Center Hamburg, Hamburg, Germany; 2. German
Center for Cardiovascular Research (DZHK), partner site
Hamburg/Kiel/Liibeck, Hamburg, Germany; 3. Department
of Cardiology, University Heart ¢& Vascular Center Hamburg,
Hamburg, Germany; 4. Cardiovascular Research Foundation,
New York, NY, USA; 5. Minneapolis Heart Institute, Abbott
Northwestern Hospital, Minneapolis, MN, USA; 6. Royal
Brompton Hospital, London, United Kingdom; 7. MedStar
Union Memorial Hospital, Baltimore, MD, USA; 8. Oslo
University Hospital, Oslo, Norway; 9. Emory University
Hospital, Atlanta, GA, USA; 10. Mayo Clinic, Rochester,
MN, USA; 11. Department of Cardiovascular Surgery, Marcus
Heart Valve Center, Piedmont Heart Institute, Atlanta, GA,
USA; 12. Groupe Cardiovasculaire Interventionnel, Clinique
Pasteur, Toulouse, France; 13. Unité Médico Chirurgicale de
Valvulopathie, Hopital Haut Lévéque, CHU de Bordeaux,
Pessac, France; 14. IRCCS Policlinico San Donato, San Donato
Milanese, Italy; 15. Cardiac Surgery Department, San Raffaele
University Hospital, Milan, Italy; 16. St Paul’s Hospital,
Vancouver, BC, Canada; 17. Beth Israel Deaconess Medical
Center, Boston, MA, USA; 18. Cardiology Department, St
Vincent’s Hospital Sydney, Darlinghurst, NSW, Australia;
19. Department of Cardiovascular & Thoracic Surgery, West
Virginia University, Morgantown, WV, USA

Funding
This study was sponsored by Abbott, Santa Clara, CA, USA.

Conflict of interest statement

L. Conradi has been an advisory board member for Abbott,
Medtronic and JenaValve; and has received personal fees from
Boston Scientific, Edwards Lifesciences, Micro Interventional
Devices, MicroPort, Neovasc, Pi-Cardia, and Venus Medtech.
S. Ludwig has received a grant from the German Heart
Foundation (DHS); speaker honoraria from Abbott; travel
compensation from Edwards Lifesciences; advisory fees
from Bayer; and is a consultant to NVT. D.W. Muller has
served as a consultant for Medtronic, Abbott, and Edwards
Lifesciences; and has received research grant support from
Abbott and Medtronic. P. Sorajja has served as a consultant
for 4C Medical, Abbott, Adona, Boston Scientific, Cultiv$,
Edwards Lifesciences, Foldax, GE HealthCare, GLG, Laza
Medical, Medtronic, Philips, W.L. Gore & Associates,
VDyne, and xDot. A. Duncan has served as a proctor and
consultant for Abbott, Edwards Lifesciences, Medtronic,
and Neochord. B. Bethea has served as a consultant for
Abbott. G. Dahle has been proctor/speaker for Abbott; and
speaker for Edwards Lifesciences. V. Babaliaros has served as

Expanded study results for transapical TMVR

a consultant for Edwards Lifesciences and Abbott; and has
equity in Transmural Systems. M. Guerrero has served as
a consultant for Edwards Lifesciences and Abbott; and has
received research grant support from Edwards Lifesciences.
V. Thourani has served as a consultant for and received
research grant support from Abbott. N. Dumonteil has
been a consultant for Abbott, Boston Scientific, Edwards
Lifesciences, and Medtronic. T. Modine has served as
a proctor and consultant for Abbott, Edwards Lifesciences,
and Medtronic. A. Garatti has served as a proctor for
Abbott. P. Denti has received speaker honoraria from Abbott
and Edwards Lifesciences; and has been a consultant for
Approxima, HVR, InnovHeart, and Pi-Cardia. J. Leipsic has
provided institutional core laboratory services to Edwards
Lifesciences, Abbott, Medtronic, Boston Scientific, Pi-Cardia,
and Neovasc, without direct personal compensation. P. Blanke
has provided institutional core laboratory services to Edwards
Lifesciences, Abbott, Medtronic, Boston Scientific, Pi-Cardia,
and Neovasc, without direct personal compensation; and has
been a consultant to Edwards Lifesciences. V. Badhwar has
served as an uncompensated consultant for Abbott. M.L.
Chuang has no conflicts of interest to declare relevant to the
contents of this paper.

References

1. Writing Committee Members; Otto CM, Nishimura RA, Bonow RO,
Carabello BA, Erwin JP 3rd, Gentile F, Jneid H, Krieger EV, Mack M,
McLeod C, O’Gara PT, Rigolin VH, Sundt TM 3rd, Thompson A, Toly C.
2020 ACC/AHA Guideline for the Management of Patients With Valvular
Heart Disease: A Report of the American College of Cardiology/American
Heart Association Joint Committee on Clinical Practice Guidelines. | Am
Coll Cardiol. 2021;77:¢25-197.

N

. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs ],
Capodanno D, Conradi L, De Bonis M, De Paulis R, Delgado V,
Freemantle N, Haugaa KH, Jeppsson A, Jiini P, Pierard L, Prendergast BD,
Sddaba JR, Tribouilloy C, Wojakowski W. 2021 ESC/EACTS Guidelines
for the management of valvular heart disease. Eurolntervention.
2022;17:¢1126-96.

w

. Mack M, Carroll JD, Thourani V, Vemulapalli S, Squiers J, Manandhar P,
Deeb GM, Batchelor W, Herrmann HC, Cohen D], Hanzel G, Gleason T,
Kirtane A, Desai N, Guibone K, Hardy K, Michaels J, DiMaio JM,
Christensen B, Fitzgerald S, Krohn C, Brindis RG, Masoudi F, Bavaria J.
Transcatheter Mitral Valve Therapy in the United States: A Report From
the STS-ACC TVT Registry. ] Am Coll Cardiol. 2021;78:2326-53.

4. Goel SS, Bajaj N, Aggarwal B, Gupta S, Poddar KL, Ige M, Bdair H,
Anabtawi A, Rahim S, Whitlow PL, Tuzcu EM, Griffin BP, Stewart W],
Gillinov M, Blackstone EH, Smedira NG, Oliveira GH, Barzilai B,
Menon V, Kapadia SR. Prevalence and outcomes of unoperated patients
with severe symptomatic mitral regurgitation and heart failure: compre-
hensive analysis to determine the potential role of MitraClip for this unmet
need. | Am Coll Cardiol. 2014;63:185-6.

(4]

. Ludwig S, Sedighian R, Weimann J, Koell B, Waldschmidt L, Schifer A,
Seiffert M, Westermann D, Reichenspurner H, Blankenberg S, Schofer N,
Lubos E, Conradi L, Kalbacher D. Management of patients with mitral
regurgitation ineligible for standard therapy undergoing TMVI screening.
Eurolntervention. 2022;18:213-23.

o

. Badhwar V. Transcatheter mitral valve intervention: Consensus, quality,
and equipoise. | Thorac Cardiovasc Surg. 2020;160:93-8.

~

.Ben Ali W, Ludwig S, Duncan A, Weimann J, Nickenig G, Tanaka T,
Coisne A, Vincentelli A, Makkar R, Webb JG, Akodad M, Muller DWM,
Praz F, Wild MG, Hausleiter J, Goel SS, von Ballmoos MW, Denti P,
Chehab O, Redwood S, Dahle G, Baldus S, Adam M, Ruge H, Lange R,
Kaneko T, Leroux L, Dumonteil N, Tchetche D, Treede H, Flagiello M,
Obadia JE Walther T, Taramasso M, Sendergaard L, Bleiziffer S,
Rudolph TK, Fam N, Kempfert J, Granada JF, Tang GHL, von

Eurolntervention 2024;20:¢887-2897 e Lenard Conradi et al.

2895



2896

Bardeleben RS, Conradi L, Modine T; CHOICE-MI Investigators.
Characteristics and outcomes of patients screened for transcatheter mitral
valve implantation: 1-year results from the CHOICE-MI registry. Eur |
Heart Fail. 2022;24:887-98.

8. Goldstein D, Moskowitz AJ, Gelijns AC, Ailawadi G, Parides MK,
Perrault LP, Hung JW, Voisine P, Dagenais F, Gillinov AM, Thourani V,
Argenziano M, Gammie JS, Mack M, Demers P, Atluri P, Rose EA,
O’Sullivan K, Williams DL, Bagiella E, Michler RE, Weisel RD, Miller MA,
Geller NL, Taddei-Peters WC, Smith PK, Moquete E, Overbey JR, Kron IL,
O’Gara PT, Acker MA; CTSN. Two-Year Outcomes of Surgical Treatment
of Severe Ischemic Mitral Regurgitation. N Engl | Med. 2016;374:
344-53.

9. Reichart D, Kalbacher D, Riibsamen N, Tigges E, Thomas C, Schirmer J,
Reichenspurner H, Blankenberg S, Conradi L, Schifer U, Lubos E. The
impact of residual mitral regurgitation after MitraClip therapy in func-
tional mitral regurgitation. Eur | Heart Fail. 2020;22:1840-8.

10. Hensey M, Brown RA, Lal S, Sathananthan J, Ye J, Cheung A, Blanke P,

Leipsic J, Moss R, Boone R, Webb JG. Transcatheter Mitral Valve
Replacement: An Update on Current Techniques, Technologies, and Future
Directions. JACC Cardiovasc Interv. 2021;14:489-500.

11. Sorajja P, Moat N, Badhwar V, Walters D, Paone G, Bethea B, Bae R,

Dahle G, Mumtaz M, Grayburn P, Kapadia S, Babaliaros V, Guerrero M,
Satler L, Thourani V, Bedogni F, Rizik D, Denti P, Dumonteil N, Modine T,
Sinhal A, Chuang ML, Popma JJ, Blanke P, Leipsic J, Muller D. Initial
Feasibility Study of a New Transcatheter Mitral Prosthesis: The First 100
Patients. | Am Coll Cardiol. 2019;73:1250-60.

12. Bapat V, Rajagopal V, Meduri C, Farivar RS, Walton A, Duffy SJ, Gooley R,

Almeida A, Reardon M], Kleiman NS, Spargias K, Pattakos S, Ng MK,
Wilson M, Adams DH, Leon M, Mack M], Chenoweth S, Sorajja P;
Intrepid Global Pilot Study Investigators. Early Experience With New
Transcatheter Mitral Valve Replacement. | Am Coll Cardiol. 2018;71:
12-21.

13. Cheung A, Webb ], Verheye S, Moss R, Boone R, Leipsic J, Ree R, Banai S.

Short-term results of transapical transcatheter mitral valve implantation
for mitral regurgitation. ] Am Coll Cardiol. 2014;64:1814-9.

14. Conradi L, Lubos E, Reichenspurner H, Denti P, Cheung A. Transcatheter

Mitral Valve Implantation with TIARA: Transapical Results and
Transseptal Design. Thorac Cardiovasc Surg. 2021;69: S1-85.

15. Ludwig S, Perrin N, Coisne A, Ben Ali W, Weimann J, Duncan A,

Akodad M, Scotti A, Kalbacher D, Bleiziffer S, Nickenig G, Hausleiter J,
Ruge H, Adam M, Petronio AS, Dumonteil N, Sondergaard L, Adamo M,
Regazzoli D, Garatti A, Schmidt T, Dahle G, Taramasso M, Walther T,
Kempfert J, Obadia JE, Chehab O, Tang GHL, Latib A, Goel SS, Fam NP,
Andreas M, Muller DW, Denti P, Praz E von Bardeleben RS, Granada JF,
Modine T, Conradi L; Collaborators. Clinical outcomes of transcatheter
mitral valve replacement: two-year results of the CHOICE-MI Registry.
Eurolntervention. 2023;19:512-25.

16. Muller DWM, Sorajja P, Duncan A, Bethea B, Dahle G, Grayburn P,

Babaliaros V, Guerrero M, Thourani VH, Bedogni F, Denti P, Dumonteil N,
Modine T, Jansz P, Chuang ML, Blanke P, Leipsic J, Badhwar V. 2-Year
Outcomes of Transcatheter Mitral Valve Replacement in Patients With
Severe Symptomatic Mitral Regurgitation. | Am Coll Cardiol. 2021;78:
1847-59.

17. Muller DWM, Farivar RS, Jansz P, Bae R, Walters D, Clarke A,

Grayburn PA, Stoler RC, Dahle G, Rein KA, Shaw M, Scalia GM,
Guerrero M, Pearson P, Kapadia S, Gillinov M, Pichard A, Corso P,
Popma J, Chuang M, Blanke P, Leipsic J, Sorajja P; Tendyne Global
Feasibility Trial Investigators. Transcatheter Mitral Valve Replacement for
Patients With Symptomatic Mitral Regurgitation: A Global Feasibility
Trial. ] Am Coll Cardiol. 2017;69:381-91.

18. Capodanno D, Petronio AS, Prendergast B, Eltchaninoff H, Vahanian A,

Modine T, Lancellotti P, Sondergaard L, Ludman PE, Tamburino C,
Piazza N, Hancock J, Mehilli J, Byrne RA, Baumbach A, Kappetein AP,
Windecker S, Bax J, Haude M. Standardized definitions of structural dete-
rioration and valve failure in assessing long-term durability of transcatheter
and surgical aortic bioprosthetic valves: a consensus statement from the
European Association of Percutaneous Cardiovascular Interventions
(EAPCI) endorsed by the European Society of Cardiology (ESC) and the
European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart ].
2017;38:3382-90.

Eurolntervention 2024;20:¢887-2897 e Lenard Conradi et al.

19.

20.

21,

22,

23.

24,

25.

26.

217.

Zoghbi WA, Chambers JB, Dumesnil JG, Foster E, Gottdiener ]S,
Grayburn PA, Khandheria BK, Levine RA, Marx GR, Miller FA Jr,
Nakatani S, Quifiones MA, Rakowski H, Rodriguez LL, Swaminathan M,
Waggoner AD, Weissman NJ, Zabalgoitia M; American Society of
Echocardiography’s Guidelines and Standards Committee; Task Force on
Prosthetic Valves; American College of Cardiology Cardiovascular Imaging
Committee; Cardiac Imaging Committee of the American Heart
Association; European Association of Echocardiography; European Society
of Cardiology; Japanese Society of Echocardiography; Canadian Society of
Echocardiography; American College of Cardiology Foundation; American
Heart Association; European Association of Echocardiography; European
Society of Cardiology; Japanese Society of Echocardiography; Canadian
Society of Echocardiography. Recommendations for evaluation of pros-
thetic valves with echocardiography and doppler ultrasound: a report
From the American Society of Echocardiography’s Guidelines and
Standards Committee and the Task Force on Prosthetic Valves, developed
in conjunction with the American College of Cardiology Cardiovascular
Imaging Committee, Cardiac Imaging Committee of the American Heart
Association, the European Association of Echocardiography, a registered
branch of the European Society of Cardiology, the Japanese Society of
Echocardiography and the Canadian Society of Echocardiography,
endorsed by the American College of Cardiology Foundation, American
Heart Association, European Association of Echocardiography, a regis-
tered branch of the European Society of Cardiology, the Japanese Society
of Echocardiography, and Canadian Society of Echocardiography. | Am
Soc Echocardiogr. 2009;22:975-1014.

Stone GW, Adams DH, Abraham WT, Kappetein AP, Généreux P,
Vranckx P, Mehran R, Kuck KH, Leon MB, Piazza N, Head SJ, Filippatos G,
Vahanian AS; Mitral Valve Academic Research Consortium (MVARC).
Clinical Trial Design Principles and Endpoint Definitions for Transcatheter
Mitral Valve Repair and Replacement: Part 2: Endpoint Definitions:
A Consensus Document From the Mitral Valve Academic Research
Consortium. | Am Coll Cardiol. 2015;66:308-21.

Hell MM, Wild MG, Baldus S, Rudolph T, Treede H, Petronio AS,
Modine T, Andreas M, Coisne A, Duncan A, Franco LN, Praz F, Ruge H,
Conradi L, Zierer A, Anselmi A, Dumonteil N, Nickenig G, Piién M,
Barth S, Adamo M, Dubois C, Torracca L, Maisano F, Lurz P, von
Bardeleben RS, Hausleiter J; TENDER Investigators. Transapical Mitral
Valve Replacement: 1-Year Results of the Real-World Tendyne European
Experience Registry. JACC Cardiovasc Interv. 2024;17:648-61.

Zahr F, Song HK, Chadderdon SM, Gada H, Mumtaz M, Byrne T,
Kirshner M, Bajwa T, Weiss E, Kodali S, George I, Heiser J, Merhi WM,
Thaden JJ, Zhang A, Lim DS, Reardon M]J, Adams DH, Mack M],
Leon MB. 30-Day Outcomes Following Transfemoral Transseptal
Transcatheter Mitral Valve Replacement: Intrepid TMVR Early Feasibility
Study Results. JACC Cardiovasc Interv. 2022;15:80-9.

Ben-Yehuda O, Shahim B, Chen S, Liu M, Redfors B, Hahn RT, Asch FM,
Weissman NJ, Medvedofsky D, Puri R, Kapadia S, Sannino A, Grayburn P,
Kar S, Lim S, Lindenfeld J, Abraham WT, Mack MJ, Stone GW. Pulmonary
Hypertension in Transcatheter Mitral Valve Repair for Secondary Mitral
Regurgitation: The COAPT Trial. ] Am Coll Cardiol. 2020;76:2595-606.

Tigges E, Blankenberg S, von Bardeleben RS, Ziirn C, Bekeredjian R,
Ouarrak T, Sievert H, Nickenig G, Boekstegers P, Senges J, Schillinger W,
Lubos E. Implication of pulmonary hypertension in patients undergoing
MitraClip therapy: results from the German transcatheter mitral valve
interventions (TRAMI) registry. Eur | Heart Fail. 2018;20:585-94.

Kar S, Mack MJ, Lindenfeld J, Abraham WT, Asch FM, Weissman NJ,
Enriquez-Sarano M, Lim DS, Mishell JM, Whisenant BK, Rogers JH,
Arnold SV, Cohen DJ, Grayburn PA, Stone GW. Relationship Between
Residual Mitral Regurgitation and Clinical and Quality-of-Life Outcomes
After Transcatheter and Medical Treatments in Heart Failure: COAPT
Trial. Circulation. 2021;144:426-37.

Mack M]J, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM,
Whisenant BK, Grayburn PA, Rinaldi M]J, Kapadia SR, Rajagopal V,
Sarembock IJ, Brieke A, Rogers JH, Marx SO, Cohen DJ, Weissman NJ,
Stone GW; COAPT Investigators. 3-Year Outcomes of Transcatheter
Mitral Valve Repair in Patients With Heart Failure. ] Am Coll Cardiol.
2021;77:1029-40.

Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM,
Whisenant B, Grayburn PA, Rinaldi M, Kapadia SR, Rajagopal V,
Sarembock IJ, Brieke A, Marx SO, Cohen DJ, Weissman NJ, Mack MJ;



COAPT Investigators. Transcatheter Mitral-Valve Repair in Patients with
Heart Failure. N Engl | Med. 2018;379:2307-18.

28. Ludwig S, Kalbacher D, Ali WB, Weimann ], Adam M, Duncan A,
Webb JG, Windecker S, Orban M, Giannini C, Coisne A, Karam N,
Scotti A, Sondergaard L, Adamo M, Muller DWM, Butter C, Denti P,
Melica B, Regazzoli D, Garatti A, Schmidt T, Andreas M, Dahle G,
Taramasso M, Nickenig G, Dumonteil N, Walther T, Flagiello M,
Kempfert J, Fam N, Ruge H, Rudolph TK, Wyler von Ballmoos MC,
Metra M, Redwood S, Granada JF, Tang GHL, Latib A, Lurz P, von
Bardeleben RS, Modine T, Hausleiter J, Conradi L; the CHOICE-MI and
the EuroSMR Investigators (see online Appendix S1). Transcatheter mitral
valve replacement or repair for secondary mitral regurgitation: a propen-
sity score-matched analysis. Eur | Heart Fail. 2023;25:399-410.

29. Ludwig S, Conradi L, Cohen D], Coisne A, Scotti A, Abraham WT, Ben
Ali W, Zhou Z, Li Y, Kar S, Duncan A, Lim DS, Adamo M, Redfors B,
Muller DWM, Webb JG, Petronio AS, Ruge H, Nickenig G, Sondergaard L,
Adam M, Regazzoli D, Garatti A, Schmidt T, Andreas M, Dahle G,
Walther T, Kempfert ], Tang GHL, Redwood S, Taramasso M, Praz F,
Fam N, Dumonteil N, Obadia JF, von Bardeleben RS, Rudolph TK,
Reardon MJ, Metra M, Denti P, Mack MJ, Hausleiter ], Asch FM, Latib A,
Lindenfeld J, Modine T, Stone GW, Granada JF; CHOICE-MI and the
COAPT Trial Investigators. Transcatheter Mitral Valve Replacement
Versus Medical Therapy for Secondary Mitral Regurgitation: A Propensity
Score-Matched Comparison. Circ Cardiovasc Interv. 2023;16:¢013045.

Supplementary data

Supplementary Appendix 1. Eligibility criteria.

Supplementary Appendix 2. Investigational sites participating
in the Tendyne Extended Clinical Study.

Supplementary Appendix 3. Peri- and postprocedural anticoa-
gulation regimen.

Supplementary Table 1. Baseline patient characteristics in the
first 100 patients and the total cohort.

Expanded study results for transapical TMVR

Supplementary Table 2. Procedural and in-hospital outcomes.
Supplementary Table 3. Temporal trends of procedural
parameters.

Supplementary Table 4. Mortality and causes of death up to
2 years.

Supplementary Table 5. Differences in baseline parameters
between 2-year survivors and 2-year non-survivors.
Supplementary Table 6. Serious device-specific adverse events
up to 90 days and 2 years.

Supplementary Table 7. Predictors of 90-day all-cause mor-
tality (univariable logistic regression).

Supplementary Table 8. Predictors of 2-year all-cause mortality
in 90-day survivors (univariable logistic regression).
Supplementary Table 9. Predictors of short- and midterm
mortality.

Supplementary Table 10. Multivariable Cox regression for
2-year all-cause mortality in the full study cohort.
Supplementary Figure 1. Cumulative enrolment of subjects
into the Expanded Clinical Study of the Tendyne Mitral Valve
System (2014-2020).

Supplementary Figure 2. Kaplan-Meier curve for 2-year cardio-
vascular mortality in the full study cohort.

Supplementary Figure 3. Kaplan-Meier curve for 2-year non-
cardiovascular mortality in the full study cohort.

The supplementary data are published online at:
bttps:/leurointervention.pcronline.com/
doil10.4244/E1]-D-23-00904

Eurolntervention 2024;20:¢887-2897 e Lenard Conradi et al.

897



Supplementary data

Supplementary Appendix 1. Eligibility criteria.

Eligibility Criteria
Candidates will have symptomatic mitral valve regurgitation and meet all eligibility criteria.

Inclusion Criteria

Subjects must meet ALL of the following criteria:

1.

4.

Severe mitral regurgitation of primary or secondary etiology according to MVARC (Mitral
Valve Academic Research Consortium) 2015 defined as:

2

e For Degenerative MR: effective regurgitant orifice area (EROA) > 40 mm~ or

regurgitant volume > 60ml
e For Secondary MR: EROA > 20 mm? or regurgitant volume > 30ml

New York Heart Association (NYHA) functional Class > II while on guideline directed
medical therapy (GMDT), including device therapy (Cardiac Resynchronization Therapy,
or CRT) if indicated.

Heart team determines patient is not a suitable candidate for traditional surgical treatment
according to valid guidelines.

Age 18 years or older.

Exclusion Criteria

Subjects will be excluded if any of the following criteria are met:

1.

S e

Severe mitral annular calcification, severe mitral stenosis, valvular vegetation or mass.
Left Ventricle (LV) or Left Atrium (LA) thrombus.

Patient has a chest condition that prevents transapical access.

Left ventricular ejection fraction (LVEF) less than 30% by echocardiogram.

Left Ventricular End Diastolic Diameter (LVEDD) > 7.0 cm.

Prior surgical or interventional treatment of mitral or aortic valves (e.g. valve repair or
replacement, MitraClip, edge to edge repair, aortic balloon valvuloplasty, etc.).

Any planned surgery or interventional procedure within the period of 30 days prior to 30
days following the implant procedure. This includes any planned concomitant
cardiovascular procedure such as percutaneous coronary intervention (PCI), pulmonary
vein ablation, left atrial appendage occlusion, septal defect repair, etc.

Cardiac resynchronization therapy device or implantable pulse generator implanted
within three months of planned implant procedure.



10.

11.
12.
13.

14.

15.

16.

17.
18.
19.

20.

21
22

Myocardial Infarction (MI) within 30 days of the planned implant procedure.

Symptomatic, unresolved multi-vessel coronary artery disease (CAD) or unprotected left
main coronary artery disease requiring stenting or coronary artery bypass grafting
(CABG).

Cerebrovascular accident (CVA) within six months of planned implant procedure.
Unresolved severe symptomatic carotid stenosis (> 70% by ultrasound).

Cardiogenic shock or hemodynamic instability requiring inotropes or mechanical support
devices at the time of planned implant procedure.

Severe tricuspid regurgitation, tricuspid valve disease requiring surgery or severe right
ventricular dysfunction.

Hypertrophic or restrictive cardiomyopathy, constrictive pericarditis or any other
structural heart disease causing heart failure other than dilated cardiomyopathy of either
ischemic or non-ischemic etiology.

Any of the following: leukopenia, acute anemia, thrombocytopenia, history of bleeding
diathesis, or coagulopathy if cannot be adequately treated.

History of endocarditis within six months of planned implant procedure.
Active systemic infection requiring antibiotic therapy.

Known hypersensitivity or contraindication to procedural or post-procedural medications
(e.g., contrast solution, anti-coagulation therapy) which cannot be adequately managed
medically or hypersensitivity to nickel or titanium.

Patient is undergoing hemodialysis due to chronic renal failure.

. Patient has pulmonary arterial hypertension (fixed PAS >70mmHg).

. Patient has chronic obstructive pulmonary disease (COPD) and is on home oxygen.
23.
24.
25.
26.
27.
28.

Patient refuses blood transfusions.

Pregnant, lactating, or planning pregnancy within next 12 months.

Participating or planning participation in an investigational drug or another device study.
Patient or legal guardian unable or unwilling to give informed consent.

Patient unable or unwilling to comply with study required testing and follow-up visits.

Patients with non-cardiac co-morbidities that are likely to result in a life expectancy of
less than one year.



Supplementary Appendix 2. Investigational sites participating in the Tendyne Extended

Clinical Study.
Country Investigational Site Investigators
UK Royal Brompton Hospital Duncan, Alison
Australia St. Vincent's Hospital Muller, David
Australia The Prince Charles Hospital Raffel, Christopher
Australia Flinders Medical Center Sinhal, Ajay
Norway Oslo University Hospital Dahle, Gry
USA Abbott Northwestern Hospital Sorajja, Paul
USA Baylor Research Institute Hebeler, Robert
USA Cleveland Clinic Kapadia, Samir / Gilinov, Marc
USA Emory University Babaliaros, Vasilis
Germany Leipzig Heart Center Noack, Thilo
USA Northshoresl;;]:;/r?]rsity Health Russell, Hyde
France CHRU de Lille Koussa, Mahamad
Germany University of Bonn Nickenig, Georg
USA MedStar Hospital Center Waksman, Ron
Switzerland University Hospital Zurich Bauernschmitt, Robert
France Clinique Pasteur Dumonteil, Nicolas
USA Henry Ford Hospital Frisoli, Tiberio

Netherlands

St. Antonius Hospital

Swaans, Martin

University Heart and Vascular

Germany Center Hamburg Lubos, Edith
USA Honor Healt_h Scottsdale Shea Rizik, David
Medical Center
USA Pinnacle Health Mumtaz, Mubashir




Country

Investigational Site

Investigators

USA Delray Hospital Maini, Brijeshwar
USA West Virginia University Badhwar, Vinay
Italy San Raffaele Denti, Paolo
Italy San Donato Bedogni, Francesco
Italy Ospedale Ferrarotta Tamburino, Corrado
Sweden Karolinksa University Hospital Settergren, Magnus
Germany Deutsches Herzzentrum Berlin Jacobs, Katharina
Germany University Frankfurt Walther, Thomas
Germany Ludwig-Maximilians Munich Hausleiter, Joreg
Germany University Hospital Dresden Linke, Axel
France Rennes University Hospital Donal, Erwan
France Bordeaux University Hospital LaBrousse, Louis
France Lyon University Hospital Obadia, Jean-Francois
Italy Pisa University Hospital Petronio, Anna Sonia
Italy Humanitas Research Hospital Torracca, Lucia




Supplementary Appendix 3. Peri- and postprocedural anticoagulation regimen.

Patients were appropriately weaned off their pre-procedural anticoagulation at the site’s discretion

for undergoing a transapical procedure.

During the procedure, the protocol required the following:
The subject must be on anticoagulant typical for transcatheter therapeutic interventions. Activated

clotting time (ACT) is to be maintained at >250 seconds for the duration of the procedure.

The post-procedure anticoagulation requirements of the study changed over the enroliment period.
Early versions of the study protocol did not specify anticoagulation requirements and the regimen
was left to the discretion of the implanting sites. Later versions of the protocol did specify that
patients needed anticoagulation with Warfarin, target INR 2.5 — 3.5, and anticoagulation and/or
aspirin, thereafter. Protocol requirements:

Subjects are required to be on anticoagulation therapy, warfarin with a target INR range of 2.5 to
3.5, for a minimum of three months. Antiplatelet therapy may also be administered during this
timeframe. Thereafter, subjects should be on aspirin alone or in combination with anticoagulation

therapy.



Supplementary Table 1. Baseline patient characteristics in the first 100 patients and the

total cohort.

First 100 Total
(N=100) (N=191)
Age (year)

Mean + SD (n) 74.7 + 8.0 (100) 74.1 +8.0 (191)
Age >80 26.0% (26/100) 24.1% (46/191)
Sex, male 69.0% (69/100) 62.8% (120/191)
BSA (m?)

Mean £ SD (n) 1.92 £+ 0.25 (100) 1.88 + 0.25 (191)
BMI (kg/m?)

Mean + SD (n) 27.54 +5.87 (100)  26.97 +5.92 (191)
NYHA Class

I 34.0% (34/100) 29.8% (57/191)
i 62.0% (62/100) 64.4% (123/191)
v 4.0% (4/100) 5.8% (11/191)
/v 66.0% (66/100) 70.2% (134/191)
STS-PROM for MV replacement (%)

Mean £ SD (n) 7.82 £5.70 (100) 7.66 £ 6.56 (191)
EuroSCORE Il (%)

Mean + SD (n) 7.25 +5.76 (92) 6.64 +5.28 (175)
Hospitalization for heart failure 39.0% (39/100) 44.5% (85/191)

in the prior 6-month
Current or prior smoker 61.0% (61/100) 60.7% (116/191)
Diabetes 38.0% (38/100) 27.7% (53/191)
Coronary artery disease 74.0% (74/100) 68.1% (130/191)
Prior CABG 47.0% (47/100) 38.7% (74/191)
Renal Insufficiency, GFR < 60 mL/min 60.0% (60/100) 58.1% (111/191)
Atrial fibrillation, chronic 35.0% (35/100) 34.0% (65/191)
Hypertension 80.0% (80/100) 78.5% (150/191)
Prior Percutaneous Coronary Intervention 48.0% (48/100) 48.7% (93/191)



Prior myocardial infarction
Valvular heart disease other than mitral
COPD
Pulmonary Hypertension
Prior stroke or TIA
ICD or pacemaker
MR Etiology (Site-reported)
Primary
Secondary
Mixed
MR Etiology (Core Lab), secondary

57.0% (57/100)
28.0% (28/100)
39.0% (39/100)
45.9% (39/85)
14.0% (14/100)
42.0% (42/100)

30.0% (30/100)
67.0% (67/100)
3.0% (3/100)
89.0% (89/100)

45.5% (87/191)
35.1% (67/191)
34.6% (66/191)
51.1% (90/176)
14.1% (27/191)
40.3% (77/191)

29.3% (56/191)
67.5% (129/191)
3.1% (6/191)
88.5% (169/191)




Supplementary Table 2. Procedural and in-hospital outcomes.

Total
Procedural and In-hospital Outcomes
(N=191)
Device time, min '50.4+ 15.6 (183) |
Procedure time, min 126.9 + 35.5 (180)
Fluoroscopy duration, min 14.7 +£21.9 (187)
Contrast volume, ml 23.0£36.3 (181)
Cardiopulmonary bypass or ECMO 0
Circulatory support required (IABP) 4.2% (8/191)
Conversion to open surgery 0
Intra-procedural death at exit from operation room 0
Valve implant rate 97.4% (186/191)
SP % 76.3% (142/186)
LP % 23.7% (44/186)
Technical Success (MVARC) * 96.9% (185/191)
Length of stay, days 12.0 £ 10.5 (191)

Continuous values are presented in Mean + SD (N). Proportions are presented in %(n/N), n is the
number of affected patients, and N is the total number of assessed patients. * Technical Success
was assessed at exit from procedure room and is defined as alive with the following: successful
access, delivery and retrieval of the transcatheter valve delivery system, deployment and correct
positioning of the correctly sized valve, and no need for additional emergency surgery or re-
intervention related to the device or procedure.



Abbreviations:

ECMO, Extracorporeal Membrane Oxygenation; IABP, Intra-Aortic Balloon Pump; LP, Low

Profile Tendyne Valve; MVARC, Mitral Valve Academic Research Consortium; SP, Standard
Profile Tendyne Valve.



Supplementary Table 3. Temporal trends of procedural parameters.

Period 1 Period 2 Period 3
(2014-2016) (2016-2017) (2017-2020)
Device time (min) 58.0+17.2 49.6 +15.0 494 +15.2
Procedure time (min) 135.4 £ 28.8 131.2+£43.4 125.3+34.4

Technical success (%) 91.3% (21/23) 92.9% (26/28) 98.6% (138/140)




Supplementary Table 4. Mortality and causes of death up to 2 years.

Mortality at 2 years

% (n/N)

All-Cause Death

Cardiovascular Death

Heart failure

Cardiac arrest

Multiple organ failure

Shock

Endocarditis

Blood loss requiring transfusion
Myocardial infarction
Respiratory insufficiency/failure
Stroke

Atrial fibrillation

Cardiac perforation

Device migration or malposition
Renal insufficiency or failure

Other - cardiovascular

Non-Cardiovascular Death

Respiratory insufficiency/failure
Sepsis

Shock

Trauma

Other *

38.7% (74/191)

Kaplan-Meier estimate:
40.5%

34.0% (65/191)

Kaplan-Meier estimate:
36.5%

24
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4.7% (9/191)

Kaplan-Meier estimate:
6.3%

2
2
1
1
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Supplementary Table 5. Differences in baseline parameters between 2-year survivors and 2-year non-survivors.

2-Yearr Survivors 2-Year Non-Survivors

(N=112) (N=74) P-value
Baseline Characteristics
Age (year) 72.6 £7.7 (112) 76.1 £ 8.2 (74) 0.005
Sex, male 63.4% (71/112) 60.8% (45/74) 0.722
NYHA Class I11/1V 69.6% (78/112) 73.0% (54/74) 0.624
Baseline Medical History and Risk Factors
OSA)TS'PROM for MV replacement, 7.87 +7.43 (112) 7.44+5.16 (74) 0.638
;']Ogﬂtggtzha;igggftroh;‘]‘gIfﬁ:]':;f 42.9% (48/112) 44.6% (33/74) 0.815
E‘Eﬂ:&i‘f%fﬁ?cy’ GFR <60 54.5% (61/112) 63.5% (47/74) 0.221
Atrial fibrillation, chronic 33.9% (38/112) 35.1% (26/74) 0.865
Hypertension 72.3% (81/112) 86.5% (64/74) 0.023

Prior myocardial infarction 49.1% (55/112) 41.9% (31/74) 0.334



Valvular heart disease other

than mitral 30.4% (34/112) 40.5% (30/74) 0.153
Pulmonary hypertension 43.3% (45/104) 61.8% (42/68) 0.018
ICD or pacemaker 40.2% (45/112) 43.2% (32/74) 0.678

Baseline Echocardiographic Parameters

LVEF % 44.83 + 8.74 (106) 45.12 + 9.34.(70) 0.836

LVEDV, ml 167.3 £53.5 (91) 164.8 + 50.8 (62) 0.769

LVESV, ml 93.8 +37.8 (91) 93.8 + 38.9 (62) 0.996

LVEDVi, ml/m2 87.93 +23.80 (91) 88.33 +24.01 (62) 0.917

LVESVi, ml/m2 49.33 £ 18.24 (91) 50.21 £19.26 (62) 0.776

LVEDD, cm 5.96 + 0.68 (107) 5.81+0.73 (71) 0.153

LVESD, cm 4.87 +0.80 (105) 4.65+0.83 (71) 0.073

EROA (cm?) 0.28 + 0.12 (70) 0.25 + 0.07 (46) 0.113

Baseline CT Parameters
Predicted neo-LVOT - systole 440.68 = 137.00 (89) 437.72 = 160.47 (62) 0.906

(mm?)



Values are mean + SD (n). All p values are two-tailed paired t-tests.

Abbreviations:

EROA, effective regurgitant orifice area; GFR, Estimated Glomerular Filtration Rate; ICD, Implantable Cardioverter-Defibrillators;
LVEF, Left Ventricular Ejection Fraction; LVEDV, Left Ventricular End-Diastolic Volume; LVESV, Left Ventricular End-Systolic
Volume; LVEDVI, Left Ventricular End- Diastolic Volume Index; LVESVI, Left Ventricular End- Systolic Volume Index; LVEDD,
Left Ventricular End-Diastolic Diameter; LVESD, Left Ventricular End-Systolic Diameter; LVOT, left ventricular outflow tract;
NYHA, New York Heart Association; STS-PROM, The Society of Thoracic Surgeons Predicted Risk of Mortality.



Supplementary Table 6. Serious device-specific adverse events up to 90 days and 2 years.

Adverse Event (AE)

% (n/N)

90 Days

2 Years

Device-specific AEs
Paravalvular leak
Endocarditis
Evidence of device thrombus
Device migration or malposition
Hemolysis
Cardiac perforation
Damage to cardiac tissue and/or structures
Cardiac tamponade
Structural valve dysfunction
Embolization

Fracture

15.7% (30/191)

7.3% (14/191)

2.6% (5/191)
3.1% (6/191)
3.1% (6/191)
1.0% (2/191)
0.5% (1/191)
0.5% (1/191)
0.5% (1/191)
0.0% (0/191)
0.0% (0/191)

0.0% (0/191)

21.5% (41/191)

8.9% (17/191)
6.3% (12/191)
4.7% (9/191)
3.1% (6/191)
1.6% (3/191)
0.5% (1/191)
0.5% (1/191)
0.5% (1/191)
0.0% (0/191)
0.0% (0/191)

0.0% (0/191)



Mitral valve reintervention 2.1% (4/191) 3.1% (6/191)

Values are presented in %(n/N), n is the number of affected patients, and N is the total number of assessed patients.



Supplementary Table 7. Predictors of 90-day all-cause mortality (univariable logistic

regression).

Predictors

N (%)

Odds Ratio

[95%-CI]

P-value

Demographics
Age (years)

Age, = 80 vs < 80 years

Height (cm)

Weight (kg)

Body Surface Area (m2)

Sex at Birth, Female vs Male

Geography, US vs OUS

Baseline Functional Assessment

NYHA Functional Class, I11/1V
KCCQ Overall Summary Score (5 points)
Six Minute Walk test (10 meters)

STS-PROM, MV Replacement

185 (100%)

185 (100%)

185 (100%)
185 (100%)
185 (100%)
185 (100%)

185 (100%)

185 (100%)
179 (96.8%)
170 (91.9%)

185 (100%)

1.12 1.05, 1.19]

5.93[2.59, 13.60]

0.99 [ 0.95, 1.03]
0.990.97, 1.01]
0.39[0.08, 2.02]
1.15[0.51,2.55]

1.50 [ 0.68, 3.31]

1.20 0.50, 2.88]
1.0170.93, 1.11]
0.98 [ 0.95, 1.01]

1.02[0.97, 1.08]

0.0005

<0.0001

0.53

0.33

0.26

0.74

0.31

0.69

0.76

0.21

0.49




Risk Factors and Medical History

Atrial Fibrillation, Y/N

Diabetes, Y/N

History of Coronary Artery Disease, Y/N
History of Congestive Heart Failure, Y/N
History of Dyslipidemia, Y/N

History of Hypertension, Y/N

History of Lung disease/COPD, Y/N
History of Pulmonary Arterial HTN, Y/N
History of Smoke, Y/N

ICD/PPM, Y/N

Prior CABG, Y/N

Prior MI, Y/N

Prior PCI, Y/N

Renal Insufficiency (GFR< 60

mL/min/1.73m?), Y/N

Laboratory Parameters at Baseline

Creatine Kinase-MB (ng/mL)

185 (100%)
185 (100%)
185 (100%)
185 (100%)
185 (100%)
185 (100%)
185 (100%)
171 (92.4%)
185 (100%)
184 (99.5%)
185 (100%)
185 (100%)

185 (100%)

185 (100%)

100 (54.1%)

1.92 [ 0.85, 4.38]
0.59 [ 0.23, 1.55]
1.61[ 0.65, 4.00]
1.62 [ 0.58, 4.54]
0.87[0.39, 1.97]
1.51 [ 0.54, 4.24]
0.78 [0.33, 1.82]
2.33[0.99, 5.49]
0.83[0.37, 1.82]
0.87 [0.38, 1.96]
0.27[0.10, 0.74]
0.73[0.33, 1.62]

2.04[0.91, 4.58]

1.87 [ 0.81, 4.35]

1.02 [0.99, 1.05]

0.12

0.28

0.30

0.36

0.74

0.43

0.56

0.05

0.64

0.74

0.011

0.44

0.08

0.15

0.26




Serum Creatinine (mg/dL)
NT pro-BNP (100 pg/mL)

Elevated NT pro-BNP (> 1600 pg/mL), Y/N

Medication Usage at Baseline
ACE Inhibitor/ARB, Y/N
Beta Blockers, Y/N

Diuretics, Y/N

Procedure and Device
Institutional Experience (>2 Implants), Y/N
Institutional Experience (>3 Implants), Y/N

Valve Profile, SP

Echocardiographic Measures at Baseline

Severe MR (EROA = 0.3 cm2 or Reg Vol =

45 mL), Y/N
Aortic Regurgitation Grade, = 2+, Y/N

Cardiac Output (L/min)

184 (99.5%)
162 (87.6%)

162 (87.6%)

185 (100%)
185 (100%)

185 (100%)

185 (100%)
185 (100%)

185 (100%)

108 (58.4%)

154 (83.2%)

123 (66.5%)

0.91[ 0.54, 1.54]
1.00 [ 0.99, 1.01]

1.79[0.69, 4.62]

1.08 [ 0.49, 2.40]
0.63[0.23, 1.71]

0.59[0.22, 1.63]

0.38[0.17, 0.84]
0.63[0.29, 1.39]

0.47 [ 0.20, 1.08]

1.3510.51, 3.57]

2.730.76, 9.84]

1.20[ 0.74, 1.95]

0.74

0.76

0.23

0.84

0.36

0.31

0.017

0.25

0.08

0.54

0.13

0.47




EROA (10 mm?)

Forward Stroke Vol (mL)
LA Vol, biplane (mL)
LVEDD (cm)

LVEDY, biplane (10 mL)
LVEDV Index (cm/m?)
LVEF (%)

LVESD (cm)

LVESYV, biplane (10 mL)
LVSYV, biplane (mL)

MR Mean Gradient (mmHg)
MV Mean Gradient (mmHg)
RAP (mmHg)

Reg Vol (mL)

RVSP (mmHg)

Severe LV dilation (LVEDV Index = 96

ml/m?), Y/N
Tricuspid Regurgitation Grade, = 2+, Y/N

VCW (mm)

108 (58.4%)
128 (69.2%)
136 (73.5%)
169 (91.4%)
149 (80.5%)
149 (80.5%)
167 (90.3%)
167 (90.3%)
149 (80.5%)
163 (88.1%)
135 (73.0%)
128 (69.2%)
82 (44.3%)
112 (60.5%)

75 (40.5%)

149 (80.5%)

153 (82.7%)

132 (71.4%)

1.02 [ 0.65, 1.62]

1.01[0.98, 1.05]

1.01 [ 1.00, 1.02]

0.77[0.43, 1.37]

1.00 [ 0.92, 1.09]

1.01[0.99, 1.02]

1.020.98, 1.07]

0.660.39, 1.10]

1.01[0.90, 1.13]

1.00 [ 0.98, 1.02]

1.000.97, 1.03]

1.2370.83, 1.81]

1.0210.87, 1.19]

1.010.97, 1.05]

0.99[0.93, 1.04]

1.6410.67, 4.01]

2.59 [ 1.05, 6.40]

1.33[0.99, 1.79]

0.93

0.54

0.16

0.37

0.99

0.52

0.31

0.11

0.88

0.89

0.95

0.30

0.79

0.61

0.60

0.28

0.039

0.06




Annular calcifications, Y/N 185 (100%)  2.05[0.91, 4.65] 0.09
Leaflet calcifications, Y/N 184 (99.5%)  1.21[0.32, 4.52] 0.78

Smallest neo-LVOT Area — diastole (10 mm?),
150 81.1%)  0.99 [ 0.96, 1.02] 0.54

predicted

P values were derived from Wald chi-square test.

Abbreviations:

ACE, Angiotensin-Converting Enzyme; ARB, Angiotensin Receptor Blocker; CABG, Coronary
Artery Bypass Graft; COPD, Chronic Obstructive Pulmonary Disease; EROA, Effective
Regurgitant Orifice Area; GFR, Estimated Glomerular Filtration Rate; ICD, Implantable
Cardioverter-Defibrillators; KCCQ, Kansas City Cardiomyopathy Questionnaire; PPM,
Permanent Pacemaker ; HTN, Hypertension; LA, Left Atrium; LVEF, Left Ventricular Ejection
Fraction; LVEDV, Left Ventricular End-Diastolic Volume; LVESV, Left Ventricular End-
Systolic Volume; LVEDVi, Left Ventricular End- Diastolic Volume Index; LVESVi, Left
Ventricular End- Systolic Volume Index; LVEDD, Left Ventricular End-Diastolic Diameter;
LVESD, Left Ventricular End-Systolic Diameter; MR, Mitral Regurgitation; MV, Mitral Valve;
NYHA, New York Heart Association; NT pro-BNP, N-terminal-pro B-type Natriuretic Peptide;
OUS: Out of United States; PCI, Percutaneous Coronary Intervention; RAP, Right Atrial Pressure;
Reg Vol, Regurgitant Volume; RVSP, Right Ventricular Systolic Pressure; SP: Tendyne Valve
Standard Profile; STS-PROM, The Society of Thoracic Surgeons Predicted Risk of Mortality; US,
United State; VCW, Vena Contracta Width ; Y/N, Yes/No for binary variables.



Supplementary Table 8. Predictors of 2-year all-cause mortality in 90-day survivors

(univariable logistic regression).

Odds Ratio
Predictors N (%) P-value
[95%-Cl]
Demographics
Age (years) 156 (100%) 1.0310.99, 1.07] 0.177
Age, = 80 vs < 80 years 156 (100%)  0.95[0.42, 2.12] 0.896
Height (cm) 156 (100%)  1.00[0.97, 1.02] 0.753
Weight (kg) 156 (100%)  0.99 [0.98, 1.01] 0.427
Body Surface Area (m2) 156 (100%)  0.66 [0.20, 2.12] 0.483
Sex at Birth, Female vs Male 156 (100%) 1.15[0.62, 2.10] 0.659
Geography, US vs OUS 156 (100%)  1.21[0.66,2.21] 0.534
Baseline Functional Assessment
NYHA Functional Class, I11/1V 156 (100%) 1.230.63, 2.38] 0.545
KCCQ Overall Summary Score (5 points) 153 (98.1%)  1.05710.98, 1.12] 0.191
Six Minute Walk test (10 meters) 144 (92.3%) 1.00 [0.97, 1.02] 0.740
STS-PROM, MV Replacement 156 (100%) 0.98 [0.93, 1.03] 0.408




Risk Factors and Medical History

Atrial Fibrillation, Y/N

Diabetes, Y/N

History of Coronary Artery Disease, Y/N
History of Congestive Heart Failure, Y/N
History of Dyslipidemia, Y/N

History of Hypertension, Y/N

History of Lung disease/COPD, Y/N
History of Pulmonary Arterial HTN, Y/N
History of Smoke, Y/N

ICD/PPM, Y/N

Prior CABG, Y/N

Prior MI, Y/N

Prior PCI, Y/N

Renal Insufficiency (GFR< 60

mL/min/1.73m?), Y/N

Laboratory Parameters at Baseline

Creatine Kinase-MB (ng/mL)

156 (100%)
156 (100%)
156 (100%)
156 (100%)
156 (100%)
156 (100%)
156 (100%)
144 (92.3%)
156 (100%)
156 (100%)
156 (100%)
156 (100%)

156 (100%)

156 (100%)

84 (53.8%)

0.64 [0.35, 1.17]

0.83 [0.43, 1.62]

1.59 [0.80, 3.14]

1.28 [0.62, 2.67]

0.81 [0.44, 1.50]

2.7411.08, 6.96]

1.50 [0.82, 2.72]

1.59 [0.85, 2.98]

1.00 [0.54, 1.83]

1.19[0.66, 2.15]

0.68 [0.37, 1.26]

0.82 [0.45, 1.48]

0.90 [0.50, 1.63]

1.19 [0.64, 2.21]

1.01 [0.97, 1.04]

0.146

0.589

0.185

0.504

0.509

0.034

0.186

0.145

0.996

0.566

0.219

0.504

0.723

0.591

0.762




Serum Creatinine (mg/dL)
NT pro-BNP (100 pg/mL)

Elevated NT pro-BNP (> 1600 pg/mL), Y/N

Medication Usage at Baseline
ACE Inhibitor/ARB, Y/N
Beta Blockers, Y/N

Diuretics, Y/N

Procedure and Device
Institutional Experience (>2 Implants), Y/N
Institutional Experience (>3 Implants), Y/N

Valve Profile, SP

Echocardiographic Measures at Baseline

Severe MR (EROA = 0.3 cm2 or Reg Vol =

45 mL), Y/N
Aortic Regurgitation Grade, = 2+, Y/N

Cardiac Output (L/min)

155 (99.4%)
140 (89.7%)

140 (89.7%)

156 (100%)
156 (100%)

156 (100%)

156 (100%)
156 (100%)

156 (100%)

95 (60.9%)

135 (86.5%)

109 (69.9%)

1.01 [1.00, 1.03]

1.00 [1.00, 1.00]

1.340.70, 2.55]

0.58 [0.32, 1.05]

0.78 [0.35, 1.75]

0.38[0.19, 0.78]

1.55[0.76, 3.13]

1.11 [0.61, 2.01]

0.61[0.32, 1.19]

1.06 [0.48, 2.36]

2.67 [1.04, 6.84]

0.97 [0.66, 1.42]

0.015

0.700

0.375

0.071

0.546

0.008

0.225

0.724

0.150

0.885

0.041

0.870




EROA (10 mm?)

Forward Stroke Vol (mL)
LA Vol, biplane (mL)
LVEDD (cm)

LVEDY, biplane (10 mL)
LVEDV Index (cm/m?)
LVEF (%)

LVESD (cm)

LVESYV, biplane (10 mL)
LVSYV, biplane (mL)

MR Mean Gradient (mmHg)
MV Mean Gradient (mmHg)
RAP (mmHg)

Reg Vol (mL)

RVSP (mmHg)

Severe LV dilation (LVEDV Index = 96

ml/m?), Y/N
Tricuspid Regurgitation Grade, = 2+, Y/N

VCW (mm)

95 (60.9%)
114 (73.1%)
116 (74.4%)
149 (95.5%)
128 (82.1%)
128 (82.1%)
147 (94.2%)
147 (94.2%)
128 (82.1%)
145 (92.9%)
119 (76.3%)
117 (75.0%)
74 (47.4%)
99 (63.5%)

67 (42.9%)

128 (82.1%)

134 (85.9%)

119 (76.3%)

0.67 [0.41, 1.11]

1.00 [0.98, 1.02]

1.00 [0.99, 1.01]

0.77 [0.51, 1.18]

0.98 [0.92, 1.04]

1.00 [0.98, 1.01]

0.99 [0.96, 1.03]

0.82 [0.56, 1.20]

0.99 [0.91, 1.07]

0.99 [0.98, 1.01]

1.01 [0.99, 1.04]

0.82 [0.62, 1.10]

1.09 [0.98, 1.21]

0.99 [0.96, 1.02]

0.99 [0.95, 1.03]

0.85[0.42, 1.71]

1.09 [0.58, 2.04]

1.04[0.81, 1.35]

0.123

0.943

0.829

0.228

0.568

0.672

0.758

0.302

0.760

0.298

0.223

0.185

0.106

0.499

0.622

0.644

0.791

0.746




Annular calcifications, Y/N 156 (100%) 1.06 [0.54, 2.10] 0.867
Leaflet calcifications, Y/N 155 (99.4%) 1.37[0.54, 3.47] 0.512

Smallest neo-LVOT Area — diastole (10 mm?),
125 (80.1%)  1.00[0.98, 1.02] 0.960

predicted

Abbreviations: see Supplementary Table 6



Supplementary Table 9. Predictors of short- and midterm mortality.

Predictors of Short-Term Mortality Odds Ratio (95%-ClI) p value
Age (years) 1.11 [1.04, 1.19] 0.003
History of pulmonary hypertension 3.83[1.44,10.16] 0.007
Prior CABG 0.35[0.12, 1.06] 0.063
Institutional experience (>2 implants) 0.40 [0.17, 0.99] 0.047
Predictors of Mid-Term Mortality Odds Ratio (95%-ClI) p value
History of Hypertension 3.32[1.16, 9.54] 0.026
History of Pulmonary Hypertension 2.15[1.08, 4.29] 0.030
KCCQ Overall Summary Score (5 points) 1.08 [1.00, 1.17] 0.042
Age (years) 1.06 [1.01, 1.11] 0.021
Serum Creatinine (mg/dL) 1.02 [1.00, 1.03] 0.005

Multivariable model used stepwise regression, and p values were derived from the Wald chi-square
statistic in the final model. Short-term mortality was defined as all-cause mortality occurring
within 90 days after the procedure. Mid-term mortality was defined as all-cause mortality
occurring in within 2 years after the procedure in 90-day survivors.

Abbreviations:

CABG, Coronary Artery Bypass Graft; Cl, Confidence Interval; KCCQ, Kansas City
Cardiomyopathy Questionnaire



Supplementary Table 10. Multivariable Cox regression for 2-year all-cause mortality in the

full study cohort.

Coefficient Hazard Ratio

(SE) [95% ClI] P-Value
Prior CABG -0.99 (0.31) 0.37 [0.20, 0.68] 0.001
Age (years) 0.06 (0.02) 1.06 [1.02, 1.10] 0.002
Pulmonary Hypertension 0.72 (0.26) 2.05[1.22, 3.43] 0.006
Coronary Artery Disease 0.71 (0.31) 2.03[1.10, 3.74] 0.023
LVESD (cm) -0.31 (0.16) 0.73 [0.54, 1.00] 0.047

Arterial Hypertension 0.71 (0.38) 2.04 [0.96, 4.33] 0.063
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Supplementary Figure 1. Cumulative enrolment of subjects into the Expanded Clinical

Study of the Tendyne Mitral Valve System (2014-2020).
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Supplementary Figure 2.
full study cohort.

Kaplan-Meier curve for 2-year cardiovascular mortality in the
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